A 2 x 3 factorial experiment was conducted at two sites in Maiduguri, Borno State during the 2009 cropping season. The objective was to evaluate the influence of rice husk-mulch on soil water balance components under sorghum and millet crops. The treatments comprised of two test crops (sorghum and millet) and three rates of application (0, 10 and 15 t ha -1 ) of rice husk mulch, fitted in a split-plot design. The test crops were assigned to the main plot, while the mulch application rates were assigned to the sub-plot. The treatments were replicated three times. The components of soil water balance determined were annual rainfall, moisture storage within sorghum and millet root zone, drainage below crop root zone and seasonal crop evapotranspiration. Profile moisture content was measured weekly with the aid of a neutron probe installed at a depth of 2.0 m using access tubes. Also, soil (0 -30 cm depth) moisture content was determined gravimetrically on weekly JEAI, 33(4): 1-7, 2019; Article no.JEAI.37208 2 basis. Rainfall was measured using a manual rain gauge installed at each of the two sites. Findings in this study indicated that, under the prevailing circumstances, annual rainfall was lower than the amount observed over a ten-year period in Maiduguri. Consequently, soil moisture storage, drainage and seasonal crop evapotranspiration generally declined. An average of over 90 % of this low annual rainfall was lost as seasonal crop evapotranspiration. Sorghum plots stored higher moisture within the root zone, had higher drainage and lower seasonal evapotranspiration than millet plots. Moisture storage and drainage increased with increasing mulch application rate, while, seasonal crop evapotranspiration decreased with it.
INTRODUCTION
Maiduguri, located in the semi-arid northeast Nigeria belongs to the Sudano-Sahelian zone (SSZ) of West Africa as described by Sivakumar and Wallace [1] . The SSZ is characterized mainly by an average growing season that ranges between 60 and 150 days. Rainfall is scanty and highly variable, annual temperatures are high and evapotranspiration rates are excessively high [2] . Under these prevailing conditions, declining national incomes and fall in per capita food production could result from recurrent drought and successive crop failure. Thus, agricultural management practices that would maximize the uptake and utilization of the limited moisture supply from rainfall are essential for sustainable soil productivity and enhanced crop growth and yield. In order to design appropriate management practices for enhanced water use efficiency, a complete understanding of soil water movement and its associated physical and hydraulic properties is required. Development of suitable soil and crop management technologies in a water-limited environment is a major challenge which could emanate from inadequate or even lack of complete data on soil physical and hydraulic properties, as well as on the spatial-temporal variation of water balance components. Odofin et al. [3] reported soil water balance components which include annual rainfall, water storage within crop root zone and drainage, amongst others, are quite difficult to determine. Their measurement is costly, tedious and time-consuming, therefore, have received little attention in Nigeria.
In semi-arid zone of Nigeria, the use of crop residues such as rice husk and wood shavings as soil amendments have been found to effective in improving soil physical and chemical properties, as well as enhancement of crop performance and water use efficiency [4, 5, 6] . Sorghum and millet are drought-resistant crops commonly grown as staple food in this zone [7, 5, 6] . A systematic study of soil water balance is essential for the development of management options for sustainable agricultural production. Achievement of higher water use efficiency and management of water resources for their most profitable use in crop production would require an understanding of the magnitude of soil water balance components and their influence on crop growth and yield. Therefore, the objective of this study was to determine the influence of rice husk-mulch on soil water balance components under sorghum and millet crops. The study area is characterized by seasonal wet-dry, semi-arid climate. The annual rainfall ranges between 600 and 900 mm, while the temperature could be as low as between 18 and 20 ˚C during the harmattan period, and as high as between 38 and 42 ˚C during the peak period of the dry season, between January and April (Department of Meteorological Services, Maiduguri). Furthermore, potential evapotranspiration usually exceeds rainfall for about 8 to 9 months during a given year [8] except during the rainy periods. The texture of soils of the study area is sandy loam, developed from aeolian sand deposit [5, 6] . The study area is dominated by vast grassland interspersed with few drought-tolerant tree species.
MATERIALS AND METHODS

Treatments and Experimental Design
The experiment comprising two test crops (sorghum and millet) and three rates (0, 10 and 15 t/ha) of rice bran residue was carried out at the two sites. The experiment was laid out in a split-plot design with test crops as the main plot, and the residue rates as the sub-plot treatments, giving a total of 6 treatment combinations. The treatment combinations were assigned randomly and replicated three times. The 0 t/ha treatment (Control) represents the common cultural practice in the study area, while residue application rates (10 and 15 t/ha) represent the introduced technology.
Soil Characterization
For the purpose of characterization of the soils of the two experimental sites [6] , one profile pit each was dug and described at the two sites following the guideline for profile pit description [9] .
Agronomic Practices
Rice bran was uniformly applied to the soil surface at three rates just before planting. Five to six Apron star treated sorghum (var. ICSV III) seeds were hand-sewn per hole on the flat, at a spacing of 75 cm by 40 cm, while millet seeds (var. LCIC MV-2 (LCIC 9702)) were sown at a spacing of 75 cm by 50 cm [10] . The seedlings were thinned to two plants per stand two weeks after planting. Recommended fertilizer rate of NPK 64:32:30 kg/ha for sorghum and millet was applied [10] . Weed control was carried out manually using hand-hoe. Harvesting was done at physiological maturity (12 weeks after planting) and the grains were threshed after thorough sun-drying.
Soil Moisture Content Determination
Access tubes were installed in three replicates of each treatment for the repetitive measurement of soil moisture content at various soil depths. Soil moisture content (volumetric moisture content, θv) was measured weekly using a calibrated neutron probe [11] at 0.1 m intervals down to 2.0 m depth (i.e. below the rooting depth) throughout the study period. Also, gravimetric water content was determined on soil samples collected from 0 -15 and 15-30 cm soil depths [12] .
Soil Water Balance
Soil water balance was determined by the equation below:
where ∆S is moisture storage change within the root zone, P is rainfall, C is capillary rise from the water table, ET crop is crop evapotranspiration (water use), D is the drainage out of the root zone and R is runoff (-) or run-on (+) over a specified time period. Since the water table in this area is deeper than 10m [8] , and the soil is light-textured and possesses a high infiltration capacity, then, the capillary rise would be quite negligible. Also, the sides of the plots were raised to prevent run-off/run-on. Therefore, evapotranspiration or water use was estimated from the equation below, after determining the value of each of the factors on the right hand side of the equation [13] : 
Statistical Analysis
Data collected were subjected to analysis of variance to determine differences between means at 5 % level of significance. Means separation was carried out using Duncan's Multiple Range Test (DMRT) with the use of Statistix 8.0 [14] statistical package. Table 1 shows the soil water balance components (seasonal rainfall, moisture storage change within the root zone, drainage below the root zone, and seasonal crop evapotranspiration). The annual rainfall was quite low (˂ 500 mm) as expected at the two sites under study. At Site 1, irrespective of mulch treatments, root zone water storage under sorghum ranged between 31 and 36 mm, while under millet, it ranged between 12 and 16 mm. At Site 2, the amount of moisture stored within crop root zone ranged between 27 and 29 mm under sorghum, whereas under millet, the range was between 16 and 19 mm. An average of 8 and 3 % of annual rainfall was stored within the root zone of sorghum and millet, respectively, at Site 1. At Site 2, the amount of moisture stored was 6 and 4 % of annual rainfall under sorghum and millet, respectively. Drainage under sorghum at Site 1 ranged between 5 and 8 mm, which correspond to an average of 2 % of annual rainfall, while under millet the range was between 9 and 11 mm, corresponding to an average of 2 % of annual rainfall. At Site 2, drainage under sorghum ranged between 38 and 60 mm, which correspond to an average of 10 % of annual rainfall, while under millet the range was between 34 and 49 mm, corresponding to an average of 9 % of annual rainfall. Seasonal evapotranspiration under sorghum at Site 1 ranged between 398 and 404 mm, while under millet, the range was also narrow. Average seasonal crop evapotranspirational water losses were 91 and 94 % of annual rainfall, respectively under sorghum and millet crops at Site 1. At Site 2, seasonal evapotranspiration ranged between 390 and 414 mm under sorghum, which corresponds to an average of 84 % of annual rainfall. In the millet plots, the range of seasonal evapotranspiration was between 414 and 427 mm, corresponding to an average of 87 % of annual rainfall.
RESULTS AND DISCUSSION
The low annual rainfall observed in Maiduguri was expected, being a common feature of the semi-arid zone of Nigeria. The observed annual rainfall (˂ 500 mm) was actually lower than the annual (ranging between 600 and 900 mm) obtained between 2000 and 2009 (Department of Meteorological Services, Maiduguri). Therefore, it was not surprising that moisture storage, drainage and seasonal crop evapotranspiration were generally low, relative to amounts observed in earlier years. Most of the soil moisture received as rainfall was lost through evapotranspiration (above 90 and 80 %, respectively, at Sites 1 and 2) under sorghum and millet crops. Earlier workers [8, 15] noted a steady decline in annual rainfall and excessively high seasonal crop evapotranspiration since the early 1960s. Hess et al. [16] and Carter [17] reported that evapotranspiration rates in the semi-arid region often exceed annual rainfall by a factor of 2 -3 or more in most of the months due to harsh climatic conditions of low relative humidity and high temperature, and low vegetative cover over the soil surface. Crops, especially less drought tolerant ones, are bound to suffer serious water stress in a situation where evapotranspiration is excessively high during the growing season. This necessitates the employment of appropriate agricultural management practices, as well as the growth of drought-tolerant crops, predominantly, in a water scarce environment such as the semi-arid northeast zone of Nigeria.
The results of the influence of crop type and mulch application rate on moisture storage within the root zone, drainage below the root zone, and seasonal crop evapotranspiration are presented in Table 2 . The results showed that significantly higher (P ≤ 0.05) amount of moisture was stored in the root zone of sorghum than in that of millet at the two sites and in the combined data for the two sites. This was attributed to greater root zone depth and higher root perimeter [5] . Eze et al. [6] noted that greater root zone depth of sorghum resulted in higher water storage than that of millet at vegetative, flowering and maturity growth stages in Maiduguri. Mulch application rate had significant (P ≤ 0.05) influence on moisture storage at Site 1 only. Ten and 15 t/ha mulch application rates resulted in significantly higher (P ≤ 0.05) moisture content than 0 t/ha rate. Earlier workers reported that mulching with or without tillage increased soil moisture storage [18, 19, 20, 7] . Minimal evaporative losses can be achieved by application of surface residues which reduce exposure of the soil to solar radiation, vapour pressure gradient across the soil-atmosphere interface and air currents [21, 22] . The interaction between crop type and mulch rate had no significant influence on soil water balance components in this study. Both crop type and mulch rate had no significant influence on drainage at Site 1 and in the combined data. However, at Site 2, drainage was significantly higher in the sorghum plots than in those of millet. Also, drainage increased with increase in mulch application rate. Seasonal evapotranspiration was found to be higher under sorghum than under millet crop in the two sites and in the combined data. This could be attributed to higher canopy cover provided by sorghum crop. Eze et al. [5] noted that sorghum consistently maintained a higher leaf area index than millet at the vegetative, flowering and maturity growth stages. Also, crop evapotranspiration decreased with increasing mulch application rate at Site 2 and in the combined data. In a similar research finding, Odofin [18] and Odofin et al. [3] noted that mulching increased drainage and reduced evapotranspiration. 
CONCLUSION
The results obtained in this study indicated that annual rainfall was lower than the average amount observed over a ten-year period in Maiduguri. Consequently, soil moisture storage, drainage and seasonal crop evapotranspiration generally declined. An average of over 90 % of this low annual rainfall was lost as seasonal crop evapotranspiration. Sorghum plots stored higher moisture within the root zone, had higher drainage and lower seasonal evapotranspiration than millet plots. Moisture storage and drainage increased with increase in mulch application rate, whereas, seasonal crop evapotranspiration had an inverse relationship with mulch application rate.
